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E-mail address: bergamini@ufpr.br (M.F. BergaminPyrazinamide (Pyrazinecarboxamide – PZA) is a drug that is used to treatment tuberculosis. In the pres-
ent work, the voltammetric behavior of PZA was studied using a screen-printed modiﬁed electrode
(SPCE). The modiﬁed electrode was constructed using poly-histidine ﬁlms, and it showed an electrocat-
alytic effect, thus promoting a decrease in PZA reduction potential and improving the voltammetric
response. Cyclic voltammetry and electrochemical impedance spectroscopy techniques have been
employed in order to elucidate of the electrodic reaction. The results allowed the proposal that in the
PZA reduction, a further chemical reaction occurs that corresponds to a second-order process which is
subsequent to the electrode reaction. In addition, a sensitive voltammetric method was developed, and
it was successfully applied for PZA determination in human urine samples. The best response was found
using SPCE modiﬁed with poly-histidine prepared by histidine monomer electropolymerization (SPCE/
EPH). The electroanalytical performance of the SPCE/EPH was investigated by linear sweep (LSV), differ-
ential pulse (DPV), and square wave voltammetry (SWV). A linear relationship between peak current and
PZA concentrations was obtained from 9.0  107 to 1.0  104 mol L1 by using DPV. The limit of detec-
tion at 5.7  107 mol L1 was estimated, and a relative standard deviation of the 5.0  106 mol L1 of
PZA of 10 measurement was 3.7%.
 2012 Elsevier B.V. All rights reserved.1. Introduction
Pyrazinamide (Pyrazinecarboxamide-PZA) is one of the oldest
drugs (1936) that is used to treat tuberculosis [1]. However, since
1985, its use has dramatically increased for the chemotherapy of
tuberculosis and deserved special attention. Although the mecha-
nism of the action of PZA is poorly understood [2], its use has
shortened the time of therapy [3]. Nevertheless, side effects can
be reported after use as liver injury, arthralgias, anorexia, nausea
and vomiting, dysuria, malaise, fever, and sideroblastic anaemia.
Therefore, monitoring the PZA level in human body ﬂuids is vital
for ﬁnding the lowest relative concentration that provides an effec-
tive therapeutic dosage and toxicity [1,3]. Given the importance of
controlling the dosages of PZA in biological ﬂuids to minimize un-
wanted effects, several analytical methodologies have been devel-
oped in the last two decades. The main methods are based on UV–
vis using multivariate calibration methods [4], capillary electro-
phoresis [5] and several chromatographic methods [6,7]. A few pa-
pers are reported as employing electroanalytical methods for the
determination of PZA in pharmaceutical preparations or biological
ﬂuids. In general, these reports focus on the development of ana-ll rights reserved.
x: +55 41 3186.
i).lytical methods, and details about the electrochemical reactions
are usually not provided. In addition, the electroanalytical methods
that are mostly applied for PZA determination predominantly em-
ploy the mercury electrode. Alonso Lomillo et al. [8] described the
use of differential pulse polarography (DPP) combined with the
partial least-squares method for the determination of antitubercu-
losis drugs in mixtures. The procedure was applied for the determi-
nation o PZA in pharmaceutical preparations and biological ﬂuids.
Maher and Youssef [9] described the simultaneous determination
of PZA in drug mixtures using square-wave polarography based
on non-parametric and chemometric peak convolution procedures.
The performance of this method was found to be superior to the
least-squares method, and it was applied for PZA determination
of pharmaceutical preparations and biological ﬂuids.
In recent years, there is a growing demand for rapid, reliable,
and inexpensive sensors for the determination of different analytes
in biomedical, environmental, and industrial samples [10–12].
Screen-printed electrodes can be produced with a wide range of
geometries, and they can be used for printing whole electrodes ar-
ray: reference, working, and counter electrodes. In addition, these
device can be made both cheap and with a high degree of precision.
Another advantage of screen-printed carbon electrodes (SPCEs) in
comparison to conventional electrodes is that the problems of car-
ry over and surface blocking are minimized, because they can be
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development of simple electrochemical sensors based on the use
of chemical modiﬁed screen-printed electrodes has shown signiﬁ-
cant progress in the electroanalytical chemistry in the last few
years [10–12].
The use of polymeric ﬁlm-modiﬁed electrodes based on polya-
minoacids has presented many desirable features as follows: elect-
rocatalysis, pre-concentration properties, low cost, and good
stability [13–15]. Poly-histidine is a synthetic polyaminoacid-bear-
ing imidazole group (pKa = 6.0) that can be used as voltammetric
sensors of several interesting analytes [14–19]. Reactions of elec-
trochemical reduction of myoglobin [16], NAD+ [17] and oxidation
of cytochrome [16], ascorbic acid and dopamine [18] could be im-
proved using modiﬁed electrodes with the aid of a poly-histidine
ﬁlm. An alternative enzyme-less biosensor for the L-ascorbate
determination employing ﬁlms of the poly-histidine-copper com-
plex was related by Hasebe et al. [19]. Recently, Bergamini et al.
[14,15,20] have shown that a chemically modiﬁed electrode with
poly-histidine exhibits strong dependence with the procedure
adopted for ﬁlm formation. For instance, ﬁlms formed by a direct
deposit of PH have exhibited polyelectrolitic proprieties, and they
can be used for anion pre-concentrations such as chromium VI
[15] and tetrachloroaurates complex [14]. Films of poly-histidine
obtained by electrochemical oxidation of the histidine as monomer
[20] exhibited an effective catalytic activity on the reduction of the
isoniazid.
The aim of the present work is to explore the potentialities of
using a screen-printed carbon electrode (SPCE) [21–23] modiﬁed
with poly-histidine for the determination of PZA using different
voltammetric techniques. The purpose is to use the electrocatalytic
properties of the PH ﬁlm to promote a decrease in the PZA reduc-
tion potential. A voltammetric sensor was optimized testing differ-
ent methods of electrode coating, and the best results were the use
of poly-histidine for PZA determination in human urine sample
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Fig. 1. Cyclic voltammograms obtained for reduction of 2.0  105 mol L1 PZA in
0.1 mol L1 phosphate buffer at pH 1.0 on a screen-printed carbon electrode
unmodiﬁed (b) and modiﬁed with poly-histidine prepared using the following
procedure: SPCE/PH (c), SPCE/Glu-PH (d), and SPCE/EPH (a). Reference elec-
trode = Ag/AgCl. Scan rate = 50 mV s1.2. Experimental
2.1. Apparatus
Voltammetric measurements were carried out using a lAUTO-
LAB Type III (EcoChemie) connected to a microcomputer controlled
by GPES 4.9 software for data acquisition and experimental con-
trol. The electrochemical impedance measurements were carried
out using a FRA software. The measurements were performed in
a conventional electrochemical cell of 10.0 mL, where the screen-
printed carbon electrode (SPCE) was coupled. The arrangement of
electrodes is based on an alumina ceramic base that is 45-mm long,
10-mm wide, and 0.8-mm thick, where working, reference, and
auxiliary electrodes are exposed on the ceramic surface. All the
electrodes are made of carbon-conducting ink. An electrical contact
area is placed at the end, which is connected with the active part of
each electrode via internally conducting carbon parts, which are
covered by a protective dielectric layer. The sensor is connected
via a cable to the potentiostat and used without any pretreatment.
2.2. Screen-printed modiﬁed electrode preparation
The screen-printed carbon electrode (Oxley Developments, UK)
modiﬁed with poly-histidine (PH) was prepared using three differ-
ent procedures.
2.2.1. Procedure 1 (SPCE/PH)
An aliquot of 10.0 lL of a PH solution (1%, m/v) was placed on
the screen-printed carbon electrode surface and then submittedto heating for 5 min at 80 C. A transformation of the PH structural
conformation is expected, improving its adherence to the electrode
surface.
2.2.2. Procedure 2 (SPCE/Glu-PH)
The PH and glutaraldehyde were prepared using a mixture of
PH (1%, m/v) and glutaraldehyde (0.05%, m/v) solutions. An aliquot
of 1.0 lL of glutaraldehyde solution was placed onto the screen-
printed electrode surface, where 9.0 lL of PH solution was subse-
quently added. After mixing, the electrode was placed in a drying
oven at 80 C for 5 min.
2.2.3. Procedure 3 (SPCE/EPH)
The screen-printed carbon electrode was placed in a 0.1 mol L1
phosphate buffer solution (pH 9.0) containing 0.02 mol L1 histi-
dine (monomer), which was previously deaerated with nitrogen
for 10 min. The electrode was submitted to six potential cycles be-
tween 0.8 and +2.0 V (vs. Ag/AgCl) at a scan rate of 100 mV s1,
adopting a methodology previously described in literature
[14,20]. The voltammetric curves present a peak at +1.3 V due to
oxidation and deposition of the histidine monomers.
2.3. Analysis of PZA in human urine
An aliquot (10.0 mL) of human urine sample was spiked to PZA
in order to reach a ﬁnal concentration of 1.0  105 mol L1. An ali-
quot of 100 lL of the urine sample was diluted with 10 mL of phos-
phate buffer 0.1 mol L1 (pH = 1.0) and submitted to
electroanalysis after an earlier 10 min of deareation with nitrogen.
The PZA content in these samples was determined by four succes-
sive additions of the PZA standard solution.
3. Results
3.1. Electrochemical investigations
Fig. 1 exhibits the cyclic voltammograms recorded for
2.0  105 mol L1 PZA in 0.1 mol L1 phosphate buffer pH 1.0
using the screen-printed electrodes: unmodiﬁed (SPCE) (curve b);
modiﬁed by electropolymerization of histidine (SPCE/EPH) in
phosphate buffer pH 7.0 (curve a); and a direct addition of poly-
histidine (SPCE/PH) solution (curve c) and a mixture of poly-histi-
dine and glutaraldehyde (SPCE/Glu-PH) (curve d).
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anodic and cathodic peak at 0.44 V/0.33 V (vs. Ag/AgCl) that are
attributed to 1,4-hidropirazinium [24]. The Ipa/Ipc = 0.86 and Epa/
2  Epc/2 = 110 mV. The magnitude of the anodic and cathodic
peak currents remains constant after successive cycling, suggesting
that the product of the electrode reaction is not adsorbed on the
electrode surface [25].
On SPCE/PH and SPCE/Glu–PH electrodes (Fig. 1, curves c and d),
PZA is reduced at a more negative potential 0.51 V/0.25 V vs.
Ag/AgCl), and cathodic peak current decreases by 32% and 50% in
comparison to SPCE without modiﬁcation respectively. The Ipa/
Ipc = 0.68 and 0.73 with values of Epa/2  Epc/2 = 240 mV, respec-
tively. These results suggest that the PH ﬁlm obtained by the direct
addition of poly-histidine and the use of glutaraldehyde as anchor-
ing agent can help in forming a polymeric membrane that acts as a
barrier for PZA reduction.
Nevertheless, in cyclic voltammograms obtained on modiﬁed
electrodes by electropolymerization of the monomer (SPCE/EPH),
the reduction occurs at 0.25 V and the peak current is 12% higher.
The ratio of Ipa/Ipc = 0.78 and Epc/2  Epa/2 = 16 mV [25] indicates
that two electrons are involved in the process. Comparing these re-
sults with those obtained with SPCE unmodiﬁed, it is clear that the
PH ﬁlms formed by electropolymerization facilitate the reduction
of pyrazinamide and also assist in stabilizing the generated prod-
uct, as there is an increase in Ipa/Ipc ratio and a decrease in Epc/
2  Epa/2 values. The change in potential and current peak ob-
served for PZA reactions in these ﬁlms could be attributed to the
different accessibility of the analyte though the ﬁlm on the elec-
trode surface. Films formed by electropolymerization could be
formed by oriented monomers on the electrode surface, favoring
the reactant diffusion within the inner domains to reach the elec-
trode surface [26].
In order to clarify the relevance of ﬁlm formation, electrochem-
ical impedance spectroscopy (EIS) was carried out as a simple and
effective way in order to measure the charge-transfer resistance
(Rct) of the electrochemical reactions [25]. The EIS measurements
were performed in a phosphate buffer solution at a pH 1.0 content
1.0  104 mol L1 of PZA using the SPCE modiﬁed with PH ﬁlms
and SPCE unmodiﬁcation (Fig. 2, curve B) and modiﬁed by SPCE/
PH (Fig. 2, curve D), SPCE/Glu–PH (Fig. 2, curve C), and SPCE/EPH
(Fig. 2, curve A). All the curves exhibit a semicircular and a linear
portion. The ﬁrst semicircle corresponds to the charge-transfer
process through the ﬁlm at a high frequency range, whereas the0 10 20 30 40
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Fig. 2. Complex plane plots of impedance spectra, E = 0.32 V (vs. Ag/AgCl),
obtained for 1.0  104 mol L1 PZA in phosphate solution (pH 1.0) for SPCE
unmodiﬁed (curve B) and modiﬁed: SPCE/EPH (curve A), SPCE/Glu-PH (curve C) and
SPCE/PH (curve D). Equivalent electrical circuit used to ﬁt the impedance data
obtained for SPCE modiﬁed and without modiﬁcation was shown in detail.second one is due to the diffusion process in the low frequency
range. The diameter of the semicircle represents the magnitude
of Rct at the electrode surface. The measured EIS data were ﬁtted
with an equivalent circuit, as shown in Fig. 2 (detail). This equiva-
lent circuit (Randles circuit) consists of the ohmic resistance (Rs) of
the electrolyte solution, the double layer capacitance (Cdl), elec-
tron-transfer resistance (Rct), and the Warburg impedance (Zw)
resulting from the diffusion of ions from the bulk of the electro-
lytes to the interface. This equivalent circuit was used to ﬁt the
impedance spectra and extract the values of Cdl and Rct. The ﬁtted
values of Rct for the SPCE, SPCE/PH, SPCE/Glu–PH, and SPCE/EPH
were 20.14 kX, 24.89 kX, 26.31 kX, and 9.04 kX, respectively.
The Rct for the SPCE, SPCE/PH, and SPCE/Glu–PH is much higher
than the Rct values observed for SPCE/EPH. This low Rct value for
the SPCE/EPH implies that the charge-transfer process is relatively
fast compared with the other screen-printed electrodes. Thus, it
can be concluded that the SPCE/EPH presented an improvement
in the effective electron-transfer rate [20,27].
The effect of potential scan rate on the voltammetric response
at a concentration of 2.0  105 mol L1 PZA reduction in the
SCPE/EPH was investigated between 10 and 200 mV s1. The
cathodic peak current varied linearly with the square root of the
scan rate (Ipc (lA) = 0.15 + 2.4  101 v1/2 (mV s1)1/2), suggesting
that PZA reduction follows a diffusion-controlled mechanism. The
dependence of the Ipa/Ipc ratio on the scan rate is different from
unity, and this ratio increases as the scan rate is increased. The
diagnostic criteria just mentioned can be applied to an irreversible
chemical reaction following a reversible charge-transfer step (EC).
From these results, a scan rate of 50 mV s1 was chosen for further
studies.
The effect of pH on cyclic voltammograms of 2.0  105 mol L1
PZA was compared in Fig. 3 using pH 1.0 that was adjusted to 11.0.
Inﬂuences of the pH on the peak current showed that a peak cur-
rent of PZA was maximum at pH 1.0, where a lower reduction po-
tential and a higher current signal (Ipc) are observed. Although PZA
presented a well-deﬁned peak at more acidic conditions, this pH
was avoided, as the electrode material was not stable. However,
for values of pH > 9 (Fig. 3, detail), there are no signiﬁcant varia-
tions of peak potentials, indicating that the electrode mechanism
occurs without the participation of protons. From 2 < pH < 9, the
results showed a shift to a more negative potential and a linear
relationship (insert of Fig. 3). A slope of 79.0 mV pH1 suggests
that the electron–proton transfer mechanism occurs in this pH-1.5 -1.2 -0.9 -0.6 -0.3 0.0
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Fig. 3. Effect of pH on the cyclic voltammograms recorded for a 2.0  105 mol L1
concentration solution of PZA at scan rate of 50 mV s1. pH values: (a) 1.0, (b) 3.0,
(c) 5.0, (d) 7.0, (e) 9.0, and (f) 11.0. Plot of variations of Epc vs. pH was shown in
detail.
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Fig. 4. (A) Cyclic voltammograms obtained for SPCE/EPH in phosphate solutions (pH = 1.0) containing PZA at the concentrations from 0.0 mol L1 to 2.1  104 mol L1. Inset:
analytical curve. (B) Dependence of the cathodic peak potential and (C) the ratio Ipa/Ipc on PZA concentration.
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Scheme 1. Proposed electrochemical reaction of PZA at SPCE/EPH.
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(n = 2) and using the slope obtained, we can suggest that the num-
ber of protons ðNþHÞ transfer may be three. These results agree with
the electrochemical behavior of pyrazine in the mercury electrode
[24,26]. Polarographic behavior of pyrazine and several substituted
pyrazines in aqueous acid were related by Swartz et al. [26]; these
authors related that the stability of the product formed is depen-
dent on the characteristics of the substituent. For pyrazine com-
pounds containing electron-withdrawing ligands, a reversible
behavior was observed, after two electrons and three protons.
The tendency of an electrochemically generated species to un-
dergo the following chemical reactions is reﬂected by the Ipa/Ipc ra-
tio [25,28]. Thus, in the absence of all coupled reactions, it equals
unity, but it decreases if the reduction product reacts further (there
is a decline in the return wave). Furthermore, the cathodic peak po-
tential depends on both the PZA concentration and the sweep rate.
We have obtained a dE/dlogc (Fig. 4B) value of 23.82 mV and a dE/
dlogv value of 20.93 mV from the second plot. Both these values
are in agreement with the theoretical value of 19.5 mV for an EC
[29,30], a process in which the chemical step follows second-order
kinetics.
In order to check the order of the following chemical reaction,
we investigated the dependence of the Ipa/Ipc ratio on the PZA con-
centration (Fig. 4C). If the chemical reaction followed ﬁrst-order
kinetics, then the Ipa/Ipc would be constant, regardless of the PZA
concentration. However, results obtained show that the Ipa/Ipc de-
pends on the PZA concentration; this observation is concordant
with the studies conducted by Olmstead et al. [31]. We believe thatthe redox reaction of the PZA leads to 1,4-hidropirazinium ion, as
shown in Scheme 1. In addition, the product formed can be con-
sumed by an irreversible second-order chemical reaction that is
coupled to the electrodic process.
3.2. Analytical performance of different voltammetric techniques for
the determination of PZA using the SPCE/EPH
The electrochemical behavior of the modiﬁed electrode is fur-
ther evaluated in the direct detection of PZA using linear sweep,
differential pulse, and square wave voltammetry. Using linear
sweep voltammetry (LSV) under optimization conditions
(pH = 1.0 and v = 50 mV s1), an analytical curve was obtained
(Fig. 4A) and a linear relationship (Ipc (lA) = 0.430 + 0.127  CPZA
(lmol L1)) was observed in the concentration range of
7.5  106–1.5  104 mol L1 of PZA. The detection limit [32] of
2.0  106 mol L1 (three times the standard deviation of the inter-
cept/slope) was obtained.
The voltammetric response of the SPCE/EPH electrode to the
PZA concentration was also investigated using differential pulse
voltammetry (DPV). At the proposed electrode, the reduction peak
at 0.3 V (vs. Ag/AgCl) was monitored and presented higher cur-
rents and a better voltammetric proﬁle at a scan rate of 10 mV s1,
a pulse amplitude of 75 mV, and a time of pulse duration of 5 ms.
After optimizing the operating conditions for the SPCE/EPH, differ-
ential pulse voltammetric measurements were carried out in solu-
tions containing different PZA concentrations. The differential
pulse voltamogram and the analytical curve are represented in
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Fig. 5. (A) Differential pulse voltammograms obtained under optimized conditions
in 0.1 mol L1 phosphate solution (pH = 1.0) containing (a) 0.0, (b) 9.0  107, (c)
3.0  106, (d) 8.0  106, (e) 2.1  105, (f) 3.5  105, (g) 6.4  105, (h)
9.6  105 e (i) 1.7  104 mol L1. (B) The analytical curve.
Table 1
Determination of PZA in a urine sample by DPV using a SPCE/EPH. E: relative
error = added vs. found using a voltammetric procedure proposed.
Sample PZA E (%)
Added (mmol L1) Found (mmol L1)
1 0.50 0.52 +4.0
2 0.50 0.51 +2.0
3 0.50 0.48 4.0
M.F. Bergamini et al. / Journal of Electroanalytical Chemistry 690 (2013) 47–52 51Fig. 5. A linear relationship was observed (Ipc (lA) = 1.210 + 0.370
 CPZA (lmol L1)) between the peak current and the PZA concen-
tration from 9.0  107 to 9.6  105 mol L1. A detection limit of
5.7  107 mol L1 was calculated.
Square-wave voltammetry (SWV) was used for the voltammet-
ric determination of PZA; using this technique, we observed that
the peak current obtained was dependent on various instrumental
parameters such as square-wave amplitude, square-wave fre-
quency, and step height. These parameters are interrelated and
have a combined effect on the response, but here, only the general
trends are examined. The experimental parameters evaluated by
the SWV technique were frequency, f, (from 10 to 300 Hz), scan
increment,DEs, (from 1 to 15 mV), and pulse amplitude, Esw (from
10 to 150 mV). The optimum voltammetric signal was obtained for
a frequency of 75 Hz, a pulse amplitude of 50 mV, and DEs of 5 mV,
where a combination of a better voltammogram deﬁnition associ-
ated with higher peak currents is seen. Using these conditions, a
linear dynamic range was observed for the 3.0  106 from
1.1  104 mol L1 PZA according to the equation: Ipc
(lA) = 2.01 + 0.450  CPZA (lmol L1). The limit of detection of
7.5  107 mol L1 was obtained. Comparing the results, DPV con-
ditions were chosen for analytical application.
The repeatability of the proposed sensor, evaluated in terms of
relative standard deviation, was measured as 3.7% for 10 DPV
experiments in solution content 5.0  106 mol L1 PZA using the
same electrode. The reproducibility was evaluated using ﬁve differ-
ent electrodes for DPV experiments in a solution content of
5.0  106 mol L1 PZA; a standard deviation of the 5.8% was ob-
served, indicating that this proposed procedure showed a satisfac-
tory reproducibility.3.3. Analytical application of the proposed method
The method proposed was applied to the determination of PZA
in synthetic human urine samples using SPCE coated by Poly-histi-
dine, monitoring the response by the DPV procedure. The determi-
nation of the amount of PZA was carried out in triplicates using the
methodology described in the experimental section and submit-
ting the sample to the standard addition method of PZA
1.0  103 mol L1 solution.
Before the use, in order to investigate the possibility of applying
the voltammetry method to the determination of PZA in urine
samples, a study was carried out to determine the matrix effecton the voltammetric response. Adequate voltammetric responses
were found using a dilution ratio of 1:100 (sample (without treat-
ment)/electrolyte support) and it was chosen as the best experi-
mental condition for determination of the PZA.
An aliquot of 100 lL of urine samples spiked in order to obtain a
5.0  105 mol L1 of PZA was added directly in an electrochemical
cell containing 10 mL of the phosphate buffer, and differential
pulse voltammograms were recorded as described in the Experi-
mental section. The results obtained after the standard addition
method are presented in Table 1. Recoveries from 96% to 104% of
PZA were obtained for urine samples (n = 3 repetitions). This is
an evidence of the accuracy of the proposed procedure. The statis-
tical calculations for the results suggested good precision for the
voltammetric method. According to the t-test, there were no signif-
icant differences between the recovery and added values at the
95% conﬁdence level [32] and within an acceptable range of error.
This result demonstrated that the SPCE/EPH can be successfully
employed for the reliable determination of PZA in real urine
samples.4. Conclusions
In this study, three different procedures for the modiﬁcation of
SPCE with poly-histidine (PH) were characterized by cyclic voltam-
metry and electrochemical impedance spectroscopy. The modiﬁca-
tions of the SPCE by monomeric histidine electropolymerization
(SPCE/EPH), evaporation of poly-histidine (SPCE/PH), and evapora-
tion of a mixture of poly-histidine/glutaraldehyde (SPCE/Glu-PH)
lead to the formation of ﬁlms with different electrochemical
behavior. The results clearly show that the SPCE/EPH present a
polymeric network on its surface, allowing the decrease of the
PZA reduction potential without the adsorption of PZA. The SPCE/
EPH led to a lower detection limit for PZA than the bare SPCE; thus,
this methodology shows good possibilities of constructing a stable
electrochemical sensor.
Acknowledgment
The authors thank ﬁnancial support from FAPESP [process nos.
04/00111-8 (MFB) and 03/06598-3 (DPS)], CNPq and CAPES.
References
[1] Tuberculosis 88 (2008) 141–144.
[2] Y. Zhang, M.M. Wade, A. Scorpio, H. Zhang, Z. Sun, J. Antimicrob. Chemother. 52
(2003) 790–795.
[3] Yves.L. Janin, Bioorg. Med. Chem. 15 (2007) 2479–2513.
[4] J. Madan, A.K. Dwivedi, S. Singh, Anal. Chim. Acta 538 (2005) 345–353.
[5] A.F. Faria, M.V.N. Souza, R.E. Bruns, M.A.L. Oliveira, Talanta 82 (2010) 333–339.
[6] Z. Gong, Y. Basir, D. Chu, M. McCort-Tipton, J. Chromatogr. B 877 (2009) 1698–
1704.
[7] J.W. Wu, H.H. Shih, S.C. Wang, T.H. Tsai, Anal. Chim. Acta 522 (2004) 231–239.
[8] M.A. Alonso Lomillo, O. Domınguez Renedo, M.J. Arcos Martınez, Anal. Chim.
Acta 449 (2001) 167–177.
[9] H.M. Maher, R.M. Youssef, Chemom. Intell. Lab. Syst. 94 (2008) 95–103.
[10] K.C. Honeychurch, J.P. Hart, Trends Anal. Chem. 22 (2003) 456–469.
[11] J.P. Hart, S.A. Wring, Trends Anal. Chem. 16 (1997) 89–103.
[12] K. Ashley, J. Hazard. Mater. 102 (2003) 1–12.
[13] D.P. Santos, M.F. Bergamini, M.V.B. Zanoni, Sens. Actuat. B: Chem. 133 (2008)
398–403.
52 M.F. Bergamini et al. / Journal of Electroanalytical Chemistry 690 (2013) 47–52[14] M.F. Bergamini, D.P. Santos, M.V.B. Zanoni, J. Braz. Chem. Soc. 20 (2009) 100–
106.
[15] M.F. Bergamini, D.P. Santos, M.V.B. Zanoni, Sens. Actuat. B 123 (2007) 902–
908.
[16] G. Li, L. Chen, D. Zhu, D.F. Untereker, Electroanalysis 11 (1999) 139–142.
[17] Y.T. Long, H.Y. Chen, J. Electroanal. Chem. 440 (1997) 239–242.
[18] A. Yu, D. Sun, H. Gu, H. Chen, Anal. Lett. 29 (1996) 2633–2644.
[19] Y. Hasebe, Y. Akiyama, T. Yagisawa, S. Uchiyama, Talanta 47 (1998) 1139–
1147.
[20] M.F. Bergamini, D.P. Santos, M.V.B. Zanoni, Bioelectrochemistry 77 (2010)
133–138.
[21] M.A. Alonso-Lomillo, O. Domínguez-Renedo, M.J. Arcos-Martínez, Talanta 82
(2010) 1629–1636.
[22] O. Domínguez-Renedo, M.A. Alonso-Lomillo, M.J. Arcos-Martínez, Talanta 73
(2007) 202–219.
[23] M.F. Bergamini, A.L. Santos, N.R. Stradiotto, M.V.B. Zanoni, J. Pharm. Biomed.
Anal. 43 (2007) 315–319.[24] Y. Ni, S. Kokot, M. Selby, M. Hodgkinson, Electroanalytical 4 (1992) 713–718.
[25] A.J. Bard, L.R. Faulkner, Electrochemical Methods: Fundamentals and
Applications, second ed., John Wiley & Sons, New York, 1980.
[26] F.C. Anson, J.M. Saveant, K. Shigeharat, J. Am. Chem. Soc. 105 (1983) 1096–
1106.
[27] D.P. Santos, M.V.B. Zanoni, M.F. Bergamini, A.M. Chiorcea-Paquim, V.C.
Diculescu, A.M.O. Brett, Electrochim. Acta 53 (2008) 3991–4000.
[28] R.S. Nicholson, I. Shain, Anal. Chem. 36 (1964) 706–723.
[29] M.A. LA-Scalea, S.H.P. Serrano, I.G.R. Gutz, J. Braz. Chem. Soc. 16 (1999) 127–
135.
[30] L.J. Nunez-Vergara, S. Bollo, A.F. Alvarez, J.A. Squella, J. Electroanal. Chem. 345
(1993) 121–133.
[31] M.L. Olmstead, R.G. Hamilton, R.S. Nicholson, Anal. Chem. 41 (1969) 260–267.
[32] J.C. Miller, J.N. Miller, Statistics for Analytical Chemistry, third ed., Ellis
Horwood Limited, Chickester, 1993.
